Purpose: To determine the disease control rate and toxicity of treating patients with aggressive cutaneous squamous cell carcinoma (CSCC) with neoadjuvant gefitinib.
Introduction
The annual incidence of nonmelanoma skin cancer is estimated to be considerably higher than 1 million cases, most of which are unreported (1) . Of these, an estimated 20% are squamous cell carcinomas (2) . The lifetime risk of developing cutaneous squamous cell carcinoma (CSCC) in the United States in 1994 was 4% to 9% among women and 9% to 14% among men (3) . However, this rate has been increasing; between 1979 and 1980 and 1993 and 1994, the incidence of CSCC among New Hampshire residents increased 235% for men and 350% for women (4) . Although these numbers may reflect improved surveillance and reporting, establishing a true incidence would require serial standardized evaluations of a population; because the data of such a study are as of yet unavailable, the striking increase observed is believed to indicate at least a trend toward an increased incidence of CSCC.
More than 90% of CSCCs are cured by initial treatment; the 5-year recurrence rate is 8% and the 5-year rate of metastasis is 5% (2) . Initial management strategies include electrodessication and curettage, excision, cryosurgery, or radiotherapy (2) . Risk factors for aggressive behavior include size bigger than 2 cm, invasion beyond subcutaneous tissues, perineural invasion, an invasion depth of 7 mm or more, and recurrence (2, (5) (6) (7) . Having 1 risk factor reduces 3-year disease-specific survival (DSS) by 30% (5) .
Recently, there have been several case reports describing the response of multiply recurrent and highly invasive CSCCs to epidermal growth factor receptor (EGFR) inhibitors (8) (9) (10) . EGFR is overexpressed in most epithelium-derived neoplasms and high expression of EGFR has been associated with a worse prognosis in some tumors, such as mucosal squamous cell carcinomas (11) . In preclinical studies, EGFR inhibitors have been shown to increase radiosensitivity by enhancing apoptosis and delaying tumor growth (12) and suppressing skin tumorigenesis (13) . Specifically, gefitinib has been shown to inhibit the proliferation and invasiveness of CSCC cell lines, as well as EGF-induced signaling and cell motility (14) .
Gefitinib is an EGFR tyrosine kinase inhibitor (TKI) that was initially studied in chemotherapy refractory non-small cell lung cancer, including the squamous subtype, and is currently marketed outside of the United States. More recently, it has been shown to improve progression-free survival (PFS) relative to carboplatin-paclitaxel when used as a frontline treatment for patients with adenocarcinoma of the lung with an activating mutation in the catalytic domain of EGFR (15) . Gefitinib has also been evaluated as an agent in concurrent chemoradiation regimens for head and neck cancer (16, 17) . In addition, EGFR TKIs have also been evaluated as single-agent treatments for recurrent or metastatic head and neck mucosal squamous cell carcinomas (HNSCC), with response rates ranging from 5% to10%. Longer overall survival (OS) and PFS has been correlated with older age, better performance status, and the development of a rash with EGFR TKI treatment (18) .
Because gefitinib has shown clinical benefit in other squamous cell carcinomas and antitumorigenic and proapoptotic activity in CSCC in preclinical studies, we designed a phase II trial to evaluate the efficacy of gefitinib in aggressive CSCC. Herein, we report the results of gefitinib as neoadjuvant therapy prior to definitive treatment for patients with high-risk CSCC. Given that previous studies have suggested that EGFR expression and gene amplification are prognostic and further, that EGFR mutation status (19) (20) (21) is correlated with clinical benefit from gefitinib, we also assessed EGFR protein expression and evaluated tumors for EGFR mutations and ploidy/gene amplification to evaluate whether these parameters could be used as prognostic and/or predictive indicators.
Patients and Methods

Patient eligibility
The primary endpoint was the disease control rate [complete response (CR) þ partial response (PR) þ stable disease (SD)] to neoadjuavnt gefitinib. All patients were required to have histologically or cytologically confirmed CSCC that was either aggressive or recurrent with measurable disease. Although biopsies were taken to confirm this diagnosis, these were small enough so as not to affect the size of the tumor being studied. Tumors were considered aggressive if they were of 2 cm or more; invaded deep tissues, such as muscle, cartilage, or bone; showed perineural invasion; and/or metastasized to lymph nodes. Patients may have had previous surgical interventions or been treated with investigational agents with residual or recurrent disease, but patients who had previously been irradiated at the lesion site evaluated for this study were ineligible; patients who had received radiation therapy to other lesion sites were considered candidates. Other eligibility criteria included an Eastern Cooperative Oncology Group performance status of 2 or less and adequate bone marrow, renal, and hepatic function (as defined by absolute neutrophil count !1,500/mm 3 , platelets !100,000/mm 3 , liver enzymes 2.5 times the institutional upper limit of normal, and total bilirubin and creatinine levels within normal institutional limits). Enrolled patients had potentially curable disease; resectability was determined before and after neoadjuvant gefitinib therapy and unresectable patients received definite radiation. Patients were excluded if they had distant metastases, other active cancers, interfering comorbidities, or if they were taking antiretroviral or liver cytochrome-inducing medications that would pharmacologically interact with gefitinib (22) . The protocol was approved by the Institutional Review Board at The University of Texas MD Anderson Cancer Center, and informed consent was obtained from each patient upon enrollment.
Treatment plan
On initial evaluation, a complete history was taken and all patients underwent a physical examination, which included measurement of local and regional tumor and photodocumentation of tumor dimensions, and axial imaging. Photodocumentation was particularly important in cases for which the tumor size was not satisfactorily or reliably shown on axial imaging. Although serial crosssectional images were obtained for each patient, tumor measurements were based on whichever modality (physical examination or axial imaging) was more feasible; 13 lesions were followed by physical examination and photography, 4 were followed by imaging, and 6 were followed by both modalities. Complete blood counts, serum chemistries, liver function tests, chest X-rays, and electrocardiograms
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were carried out on all patients. Baseline contrast-enhanced computed tomography (CT) or magnetic resonance imaging (MRI) was also obtained, and imaging was repeated at 15 and 60 days. Optional tumor tissue samples for correlative studies were collected at 15 and 60 days and at the time of surgery, when applicable. Every 2 weeks, tumor measurements were recorded, repeat laboratory studies were carried out, and performance status was assessed.
The neoadjuvant phase of the treatment regimen consisted of two 30-day cycles of 250 mg gefitinib given by mouth daily (Fig. 1 ). Patients were restaged on days 15 and 60 of therapy. If a CR, PR, or SD was observed on day 15, gefitinib was continued at the starting dose. If the patient had progression of disease (PD) at this point or any subsequent point, gefitinib was discontinued and the patient was reassigned to a standard of care treatment pathway. After 8 patients had been accrued, the protocol was changed to include a dose escalation: if a patient had SD on day 15, the gefitinib dose was escalated to 500 mg daily. After the second cycle (day 60), tumor resectability was determined. If a tumor was resectable, the patient proceeded to surgery with postoperative radiotherapy as indicated, followed by a maintenance phase of gefitinib. The maintenance phase consisted of continuation of the induction dose of gefitinib for 12 additional months or until a dose-limiting toxicity was encountered. If the patient's tumor was deemed unresectable, the patient proceeded to concomitant gefitinib and definitive radiotherapy. If the patient was still not a surgical candidate after completing radiotherapy, the maintenance phase of gefitinib was started. Otherwise, the patient proceeded to surgery, followed by the maintenance phase of gefitinib.
Evaluation of response, survival, and adverse events
Tumor response was evaluated by Response Evaluation Criteria in Solid Tumors (23) . Clinical responses were measured by physical examination and, for tumors not well demonstrated on axial imaging, photography every 2 weeks, as well as by imaging (CT or MRI) on days 15 and 60. For patients undergoing surgery after completing neoadjuvant gefitinib, a pathologic CR was defined as the absence of tumor in the resection specimen. Overall response included patients achieving a clinical CR or PR. Survival was calculated from the time of enrollment to death or to the date of last contact. PFS was calculated from the time of enrollment to the date of recurrence or death, whichever occurred first.
Toxicity was assessed every 2 weeks and graded using the National Cancer Institute Common Toxicity Criteria (24) . Previously correlated morbidities were categorized as expected toxicities.
Correlative studies
Tissue for correlative studies was collected by optional punch biopsies obtained before the study (baseline), at the end of the second cycle of induction therapy, and at the time of surgical resection in eligible patients. These samples were analyzed for total EGFR and phosphorylated EGFR (pEGFR) by immunohistochemical (IHC) analysis, EGFR copy number by fluorescence in situ hybridization (FISH), and EGFR mutations by PCR-based sequencing. The pathologists carrying out these studies and evaluating the results were blinded to patient identity and clinical outcome. Although no specific measures were taken to assess interobserver variability, the assessments of the IHC markers were carried out jointly by 2 pathologists (XT and IW).
IHC analysis. IHC analysis was conducted as previously described (25) . Lung cancer and tissue specimens with known EGFR total and phosphorylated expression status by Western blot and immunohistochemistry were used as controls. Samples were scored based on the fraction of cells with a given staining intensity multiplied by the degree of staining extension (0, no appreciable staining; 1, barely detectable staining; 2, readily appreciable staining; 3, moderate staining; and 4, very strong staining). A formalin-fixed and paraffin-embedded lung cancer tissue specimen with known EGFR total and phosphorylated-EGFR expression status determined by Western blot of the corresponding frozen tissue was used as positive and negative control in the IHC assay (Supplementary Fig. S1 ). These IHC assays have shown a high level of specificity (EGFR 100%; p-EGFR 94%) and sensitivity (EGFR 100%; p-EGFR 94%; I. Wistuba, personal communication).
EGFR mutation analysis. Approximately, 1,000 cells per sample were microdissected and their DNA extracted as previously described (25) . PCR amplification was then used to evaluate EGFR exons 18 through 21 (the catalytic domain), using HotStarTaq Master Mix (QIAGEN) for 40 cycles (94 C for 30 seconds, 63 C for 30 seconds, and 72 C for 30 seconds followed by a 7-minute extension at 72 C). PCR products were directly sequenced with the Applied Biosystems PRISM dye terminator cycle sequencing method (Perkin-Elmer Corporation).
FISH analysis. FISH analysis was conducted as previously described (25, 26) . Briefly, after histology sections were deparaffinized and dehydrated, the EGFR SpectrumOrange/CEP 7 SpectrumGreen Probe set (Abbott Molecular) was applied according to manufacturer's instructions. The hybridization area was then covered with a coverslip and sealed. Slides were incubated first at 80 C for 10 minutes and then placed in an incubation chamber for 20 to 24 hours at 37 C. Posthybridization washes were carried out with 1.5 mol/L of urea and 0.1Â SSC (pH 7.0-7.5) at 45 C for 30 minutes and 2Â SSC for 2 minutes at room temperature. Once the samples had been dehydrated with increasing concentrations of ethanol, chromatin counterstaining was carried out with 4 0 ,6 0 -diamidino-2-phenylindole (0.15 mg/mL in Vectashield Mounting Medium; Vector Laboratories). As it has been previously reported in EGFR FISH studies lung cancer correlating (26, 27) , high polysomy and gene amplification categories were considered to have increased EGFR copy number and FISH positive. As suggested in the guidelines for EGFR FISH testing (26) , high polysomy was defined as 40% or more of cells displaying 4 or more copies of the EGFR signal; and gene amplification was defined according to one of the following criteria: (i) an EGFR to CEP7 ratio of 2 or more over all scored nuclei and calculated using the sum of EGFR divided by the sum of CEP7 when mean CEP7 per cell is 2 or more copies; (ii) the presence of gene cluster (!4 spots) in 10% or more of tumor cells; (iii) at least 15 copies of the EGFR signals in 10% or more of tumor cells. Samples that did not display gene amplification according to the criteria defined above and with less than 40% of cells displaying 4 or more copies of the EGFR signal were considered FISH negative (26; Supplementary Fig. S1 ). Lung cancer and tissue specimens with known EGFR FISH-positive and EGFR FISHnegative status were used as controls. Nonmalignant cells present in each tumor tissue sample and a NSCLC cell line with gene amplification were used as negative and postive controls, respectively.
Statistical analyses
Definitive surgery or radiation therapy was delayed for up to 2 months while patients received neoadjuvant gefitinib. Thus, the regimen was to be considered unacceptable if a large fraction of patients progressed during gefitnib therapy. An early progression rate of more than 25% was deemed unacceptable, while a rate of 10% was deemed acceptable. These arbitrary rates were chosen to minimize risks to participants. Lack of early progression, defined as CR þ PR þ SD after 2 cycles of therapy, was employed in the 2-stage decision making, such that the lack of early progression null rate was (p 0 ) ¼ 0.75 and alternative rate was (p 1 ) ¼ 0.90.
Simon's 2-stage optimal design was employed to evaluate the rate of early progression. In the first stage, 23 patients were to be enrolled. If 18 or fewer achieved CR, PR, or SD, clincancerres.aacrjournals.org Downloaded from then the trial would be terminated. If 19 or more achieved CR, PR, or SD, then an additional 40 patients would be enrolled. At the end of the trial, if 52 or fewer of the 63 patients achieved CR, PR, or SD, then the regimen was to be rejected. If 53 or more achieved CR, PR, or SD, then the regimen was to be considered for further development. At 5% significance, this design has 90% power to determine a 25% early progression rate (unacceptable) from that of 10% (acceptable).
The clinical response rates were calculated with their respective exact 95% CIs. The Kaplan-Meier method was used to analyze time-to-event outcomes, including OS, DSS, and PFS. Median time to event in months was calculated with a 95% CI. Statistical software SAS 9.1.3 (SAS) and SPlus 8.0 (TIBCO Software, Inc.) were used for all analyses.
Results
Patient characteristics
Twenty-three patients were enrolled between April 2005 and January 2009. Of these, 22 were evaluable for response and toxicity. The patient who was not evaluable for response withdrew consent before beginning treatment. Table 1 details patient demographics. Most lesions were located on the head or neck (Table 1) . On presentation, 7 (30%) patients were newly diagnosed with CSCC, 7 (30%) had persistent disease, and 9 (39%) had recurrent disease. Five patients had disease that was unresectable at enrollment. No patient presenting with resectable disease had disease that progressed to an unresectable status while receiving induction treatment.
Response and survival
Among the 22 evaluable patients, the overall response rate to induction therapy was 45 (Table 2) . Six (27%) of the last 15 patients accrued received the escalated gefitinib dose (500 mg) during induction therapy; upon completion of induction therapy, 3 patients had SD, 2 patients had PD, and 1 patient achieved a CR. The median duration of induction therapy was 58 days (range, 14-76 days; mean, 47.9 AE 20.5 days). Of the 4 patients with a clinical CR who underwent surgery after induction therapy, 3 were found to have achieved a pathologic CR and had no histologic evidence of carcinoma in their surgical specimens. One patient who had a clinical CR was judged not to have a pathologic CR because focal carcinoma in situ was found in the research biopsy of his surgical specimen, which was otherwise free of tumor. Of the 17 patients who completed neoadjuvant gefitinib, 14 had a CR, PR, or SD; of these 14 patients, 2 patients (14.3%) were treated with surgery alone, 2 (14.3%) were treated with definitive radiation and concurrent gefitinib, and 8 (57.1%) were treated with surgery and postoperative radiation. Two patients (14.2%) who had resectable disease refused surgery and received definitive radiation off-protocol. Three patients had PD after neoadjuvant gefitinib, 2 of whom had unresectable disease at enrollment; 1 patient received palliative care, 1 received definitive radiation, and 1 underwent surgery with postoperative radiation but had disease progression during radiation treatment and received palliative care. One patient had a PR during neoadjuvant treatment, but was taken off-study for elevated liver enzymes. These results are summarized in Table 2 and Fig. 1B . Twelve patients were eligible for maintenance therapy (Fig. 1B) , however, of these, 2 patients were taken off-study for adverse events after induction therapy and before surgery, 1 was lost to follow-up upon completion of radiation, 1 had severe ocular toxicity from radiation so maintenance therapy was deferred, 1 pursued radiation elsewhere and was taken off-study, and 1 had regional recurrence immediately following radiation. This left 6 patients who received maintenance gefitinib after definitive treatment for a median period of 10 months; of these 6 patients, 3 completed 12 months of treatment, 2 were taken off-protocol for adverse events, and 1 was lost to follow-up. Of the 5 patients who did not complete induction therapy, 2 were taken off-study for adverse events and 3 had PD at the initial 2-week evaluation. Three of these patients were treated with surgery and postoperative radiation and 2 received definitive radiation.
The median follow-up time for the censored observations was 32 months. Five patients were not rendered free of disease; 4 of these patients had unresectable disease at enrollment and 1 patient was lost to follow-up before tumor status could be documented. Of the 17 patients who attained no evidence of disease (NED) status, 12 (70.6%) did not have tumor recurrence. Of the 5 (29.4%) patients who did have recurrence, 2 developed local recurrence, 2 developed regional and distant metastases, and 1 developed dermal metastases; all 5 of these patients had recurrence within the first year after completion of treatment.
At the time of last contact, 12 of 22 evaluable patients (54.5%) remained NED, 6 (27.3%) died of their disease (DOD), 2 (9.1%) died from other causes, and 2 (9.1%) were living with disease ( Table 2 ). The 2-year OS, DSS, and PFS rates were 72.1% (95% CI: 55.4-93.9), 72.1% (95% CI: 55.4-93.9), and 63.6% (95% CI: 46.4-87.3), respectively (Fig. 2) . When we stratified the data based on response to induction, patients who achieved a clinical CR after induction chemotherapy had durable control of disease with 100% OS and DSS at last follow-up.
Toxicity
There were no grade 4 or 5 toxicities encountered (Table 3 ), although 13 of 22 evaluable patients (59.1%) experienced grade 2 toxicities during gefitinib neoadjuvant therapy, with 4 of these 13 patients (30.8%) also experiencing a grade 3 toxicity. Two patients (9.1%) were taken off-study during neoadjuvant therapy for adverse events, and 3 of 6 (50%) patients receiving maintenance gefitinib after treatment were taken off-study because of toxicity. Gefitinib given concurrently with radiation did not seem to increase in-field toxicity beyond what is commonly seen with radiation alone. Among the expected toxicities from gefitinib, the most common grade 1 toxicity was diarrhea (10 patients) followed by fatigue (7 patients), acneiform rash (7 patients), and nausea (7 patients). The most common expected grade 2 toxicity was fatigue (5 patients), followed by acneiform rash (4 patients). There was no apparent association between developing a rash and clinical response. One patient experienced grade 3 fatigue and 2 patients experienced grade 3 alanine transaminase elevation. The most common unexpected grade 1 toxicity was anemia (4 patients). The most common unexpected grade 2 toxicities were allergic reaction (2 patients) and blurred vision (2 patients). Other unexpected grade 3 toxicities included infection, insomnia, depression, and tooth pain, each experienced by 1 patient. These results are further detailed in Table 3 .
Correlative studies
Eleven tissue samples were available for 10 patients, and findings of the correlative studies are summarized in Table  4 . Samples were not available from all subjects because the protocol specified that consenting to tissue biopsies was optional. In addition, some patients presented with regional recurrences, which were not superficially accessible. Two specimens (biopsies after induction chemotherapy from patient 10 and the surgical specimen from patient 19) displayed no EGFR or p-EGFR staining, despite being of reasonable quality and staining well for pan-cytokeratin. Although no baseline tissue was available for patient 10, patient 19 had p-EGFR present in his baseline biopsy. Patient 19 0 s baseline specimen revealed a total EGFR score of 0 despite a p-EGFR score of 180. In the analysis of several hundred lung cancers, this is not a usual phenomenom, possibly reflecting the presence of p-EGFR in the absence of EGFR overexpression. Four patients had samples that were FISH positive; of these, patient 19 had conflicting results from the baseline and surgical specimens, but of the remaining 3, 2 died of their disease. Of the 6 patients with FISHnegative samples (excluding patient 19 who had conflicting results from the 2 specimens), 2 patients died of their disease. FISH positivity was not correlated with DSS (P ¼ 0.524) by 2-tailed Fisher exact test, although interpretation is limited by the small sample size. In addition, although 2 cases of EGFR mutations were identified by sequencing, they were nonactivating mutations in the EGFR catalytic domain. One was a sense mutation (AAC to AAT; asparagine) in exon 18 and the other a missense mutation (arginine to lysine; CGC to TGC) in exon 21. No statistically significant associations were identified between EGFR expression, mutation status, or FISH staining and response to gefitinib treatment, although analyses were limited by the small sample size.
Discussion
To our knowledge, this is the first prospective investigation of an EGFR TKI in the CSCC. Our trial with neoadjuvant gefitinib was terminated after the first stage of a Simon 2-stage design given a 32% (7 of 22) rate of progression. However, gefitinib therapy was associated with clinical response in 10 of 22 patients (45.5%), 4 of whom had clinical CR; 3 of these 4 had pathologic CR. After completing treatment, 70.6% of patients who were rendered disease free did not have disease recurrence; of the 5 patients who had disease recurrence, all had recurrence within 1 year after treatment. The 2-year OS, DSS, and PFS rates were 72.1%, 72.1%, and 63.6%, respectively. Despite failure to meet the primary endpoint as specified in the original design, we believe the overall response rate and especially the complete clinical and pathologic responses observed with gefitinib in this setting support further investigation of EGFR TKIs in aggressive CSCC.
Chemotherapy for CSCC has not been investigated in reasonably powered formal prospective trials. Previous case series have reported experience with chemotherapy in patients deemed incurable or who refused resection. These series report on small numbers of patients and long-term survival rates are generally low (28) (29) (30) (31) . Neoadjuvant chemotherapy has also been studied in small case series for patients with advanced nonmelanoma skin and lip cancer. Cisplatin in combination with doxorubicin (32), bleomycin (33), or 5-fluorouracil (34), has been used. Chemotherapy administration in these reports (32-34) has been of variable duration and uniformity depending upon patient comorbidities and/or age. Evaluation criteria for response are not detailed consistently and the use of axial imaging not commented upon with the exception of the report by Sadek and colleagues (34) . Of a total 17 patients with CSCC in these 3 reports, the overall response rate was 8 of 17 (47%), with 6 patients experiencing CR. Response was not uniformly confirmed with imaging and the reports do not discuss pathologic response. These data support the general chemosensitivity of aggressive CSCC; however, without formal investigation, the tangible benefit is unproven and chemotherapy in the neoadjuvant setting has no recognized standard role in patients with CSCC that can be cured with surgery or radiation. Our group has carried out serial phase II trials of the combination of retinoic acid and interferon alfa, with and without cisplatin, in patients with unresectable CSCC. Eligibility included patients whose disease was unresectable based on extent of disease or infeasiblity of resection due to the cosmetic or functional deformity that would ensue (35) (36) (37) . Although response rates to both regimens were high in patients with only local tumor (93 and 67%), response and durability of response was modest in regional and/or metastatic disease (35, 37) . Furthermore, fatigue related to interferon, as well as myelosuppressive and neuropathic effects related to cisplatin, limited intensity and duration of therapy in this generally elderly population of patients. A randomized phase III trial of retinoic acid and interferon compared with no adjuvant therapy failed to prolong time to recurrence or second primary CSCC in patients status postresection or radiation for an index aggressive CSCC (36) . Thus, this regimen was not further investigated.
Compared with historical data with chemotherapy, we believe that the efficacy of gefitinib is generally similar; however, this would only be established by a randomized trial and even then, may be problematic, given the heterogeneity in the patient population. Toxicity profiles differ, with gefitinib's main toxic effects skin rash and diarrhea and chemotherapy toxicity greatly dependent upon the agents being studied.
Gefitinib has been used to treat locally advanced and recurrent HNSCC. When added to a chemoradiotherapy regimen for locally advanced HNSCC consisting of carboplatin/paclitaxel induction chemotherapy followed by radiotherapy and concurrent fluorouracil, hydroxyurea, and gefitinib and 2 years of gefitinib maintenance therapy, CR, and survival rates were somewhat improved over historical controls (38) . However, when Hainsworth and colleagues evaluated adding gefitinib to a neoadjuvant chemotherapy regimen followed by concurrent chemoradiation for locally advanced HNSCC, they did not find a significant increase in survival (39) . Because neither trial was randomized, it is difficult to determine whether there was any benefit from gefitinib. Furthermore, those studies used gefitinib at 250 mg, which is the standard dose used to treat lung cancer, and the dose we were required to study initially by our study's sponsor, the National Cancer Institute's Cancer Therapy Evaluation Program. When compared with intravenous methotrexate for the treatment of recurrent HNSCC, gefitinib given at 500 mg induced a nearly clincancerres.aacrjournals.org Downloaded from 3-fold higher overall response rate than it did when given at 250 mg, although this was only a 5% increase (from 2.7% to 7.6%; ref/ 40). However, there was no difference in OS among patients treated with methotrexate or gefitinib or between the patients treated with low-and high-dose gefitinib. In parallel with the trial reported herein, we have investigated gefitinib given at 250 mg for patients with incurable CSCC. Similar to findings with other systemic therapy in CSCC, gefitinib is much less active in this more advanced population with only an 11% overall response rate (41) .
It is notable that of the 6 patients with SD who received a dose escalation from 250 mg to 500 mg at 2 weeks, 1 achieved a CR. The dose of gefitinib in our trial was selected based on experience in patients with refractory metastatic non-small cell lung cancer. Although gefitinib at 250 mg/day was not the maximal tolerated dose (MTD) identified in phase I studies, this was chosen for subsequent trials due to better tolerability and pharmacodynamic studies showing EGFR inhibition in squamous cells of the skin (42) . It has been hypothesized that a dose closer to the MTD could theoretically improve the clinical activity of the drug through more complete inhibition of the wild-type EGFR tyrosine kinase. Alternatively, erlotinib, another EGFR TKI approved and marketed in the United States at the MTD level of 150 mg/day, may also be more effective than gefitinib at 250 mg/day. A recent report from Clayman and colleagues identified CSCC presenting as a local recurrence, with invasion deeper than subcutaneous tissues, perineural invasion, lesion size of 4 cm or more, or depth of invasion of 7 mm or more as having statistically significant associations with worse DSS (5). In that study, patients received standard treatment, including wide local excision, with or without local lymphadenectomy, and radiotherapy as primary or adjuvant treatment. The median follow-up time was 22 months. At 3 years, the estimated OS and DSS rates were 70% and 85%, respectively. Patients with none of these risk factors had a 100% 3-year DSS rate, as compared with 70% in patients with at least 1 risk factor (5) . In this study, our 3-year OS and DSS were 56.1% and72.1%, respectively. However, our eligibility criteria specifically selected for patients with high-risk lesions, with 65% of patients presenting with recurrent disease or lesions refractory to prior treatment (Table 1) ; this may explain the worse 3-year OS and DSS observed in our study population. Despite the advanced disease status of our cohort, only 1 of 10 patients achieving CR or PR had disease recurrence, and all 10 had NED at their last clinic visit. This approaches the 100% DSS reported by Clayman and colleagues for patients with no risk factors, despite the fact that all of our patients had risk factors for aggressive disease (5). In our trial, patients who responded to gefitinib induction therapy had significantly better outcomes than those who did not; however, we recognize that this begs the question of whether a specific survival benefit was conferred by gefitinib, which would require a randomized trial.
Neoadjuvant therapy with gefitinib induced a profound response in a subset of patients with aggressive CSCC, indicating that the identification of biomarkers correlating with response to gefitinib may lead to personalized treatment options. Unfortunately, none of the EGFR markers we evaluated statistically correlated with response to gefitinib; the identification of biomarkers predictive of response to EGFR TKIs is a focus of our current and planned research in this patient population. Our correlative analyses were limited by our small sample size, in that more than half of the patients in the trial did not have tissue for correlative analysis, and by not having a baseline and a posttreatment biopsy from each patient.
The lack of correlation between EGFR FISH positivity and EGFR expression that we observed has also been reported in other malignancies (43, 44) . Interestingly, in the 1 patient for whom both baseline and postinduction specimens were available, the pEGFR expression decreased from a score of 180 at baseline to 0 after induction therapy. Although this patient had SD, gefitinib exposure may have contributed to this drop in pEGFR levels and will be studied in future trials. Previous studies have suggested that erlotinib decreases pEGFR expression in tumor and skin biopsies from patients with HNSCC, and this decrease is associated with a clinical benefit (45) .
Although 4 tumors in our study were EGFR FISH positive, FISH positivity did not correlate with either response to gefitinib induction or survival. This finding is consistent with recent literature about EGFR molecular markers and response to gefitinib in non-small cell lung cancer; studies have identified EGFR mutation status, but not EGFR-FISH status, as a predictor of survival (46, 47) . In studies showing a higher objective response rate to gefitinib in non-small cell lung cancer patients with a high EGFR copy number than in those without, the presence of a mutation in the EGFR catalytic domain was correlated with both the objective response rate and PFS, indicating that the latter has more clinical utility (48) . However, to our knowledge, ours is the first to evaluate EGFR-FISH status in CSCC; its potential for prognostic importance in CSCC, as in mucosal HNSCC, is suggested by the observation that 2 of 4 (50%) patients in our study with FISH-positive disease died of recurrent or persistent disease. In contrast, among the patients with FISH-negative tumors, one-third died of their disease. The significance of this observation is limited by the small sample size. Thus, we intend to further investigate the EGFR-FISH status, as well as other biomarkers, in future trials. Gefitinib in the neoadjuvant setting for advanced CSCC is a well-tolerated treatment that achieved a 45.5% response rate in patients with aggressive CSCC, a rate not dissimilar to that achieved with more toxic combination chemotherapy. Gefitinib therapy did not hinder subsequent definitive resection and/or radiation. Furthermore, it is remarkable that a subset of patients experienced pathologic CR at a dose not generally recognized to produce serum levels that effectively inhibit wild-type EGFR. Given that gefitinib is not currently marketed in the United States and our desire to build on this experience, we have an ongoing clinical trial of erlotinib in neoadjuvant setting for patients with aggressive CSCC. As a priority in this ongoing trial, we hope to improve the collection of tumor specimens to build on our experience with molecular profiling of aggressive CSCC. The clinical and translational data from this trial may shed light on predictive markers and facilitate the evolution of personalized therapy for patients with CSCC.
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